A large fraction of research aiming to describe the process of speciation involves mapping genetic 12 variants responsible for reproductive isolation. Despite its difficulty, this task has nevertheless been 13 carried out for a number of cases in which the link between a reproductive isolating mechanism mapped 14 in a laboratory setting and its effect on an individual's fitness in nature is demonstrated [Schluter, 15 2009]. However, in many of these cases, reproductive isolation is already complete such that the initial 16 cause of speciation cannot be attributed to any one locus or set of loci due to a lack of information 17 regarding the order in which these isolating barriers arose [Turelli et al., 2014]. Hybrid zones present 18 a convenient situation where reproductive isolation is incomplete. In these cases, the mechanisms of The next task would be to describe the mechanism by which the incompatible substitutions were 23 fixed. Functional annotations for the implicated loci can yield some clues about the ecological context 24 or genetic causes that resulted in these substitutions. A rigorously tested explanation would require 25 that field experiments be carried out to establish their effect on fitness in nature [Schemske, 2000, 26 Schemske and Bradshaw, 1999]. However, patterns of genomic variation can provide a complementary 27 source of evidence for the action of natural selection on genetic variants which are relevant to a 28 phenotype of interest [Tiffin and Ross-Ibarra, 2014]. The robustness of any given metric or model for 29 the signature of natural selection depends on well-conceived theory that describes both the conditions 30 under which the signature is detectable as well as any non-selective processes that can explain the 31 pattern. This observational approach has been a driver of both theoretical and empirical research which 32 aims to implicate loci responsible for genetic incompatibilities that decrease fitness among hybrids in 33 nature [Barton, 1979, Barton and Hewitt, 1985, Endler, 1973 , White, 1968 .
bb (B 1 B 1 ) Bb (B 1 B 2 ) BB (B 2 B 2 ) aa (A 1 A 1 ) 1 1 − s a h a 1 − s a Aa (A 1 A 2 ) 1 − s e h 1 1 − s e h 0 1 − s a h a AA (A 2 A 2 ) 1 − s e 1 − s e h 1 1 Table 1 . Genotype fitnesses for the DMI and symmetric incompatibility models. The first pairs of bold letters are DMI model genotypes and the genotypes in parentheses indicate the symmetric model. s a and s e denote the selection coefficient against the ancestral and incompatible alleles, respectively. h a , h 0 and h 1 denote the dominance effects of ancestral, double-heterozygotes and single-heterozygotes, respectively.
The most well-known model is described in Dobzhansky [1937] in which alleles fix at two interacting and Larson, 2016] . Regulatory interactions between a transcription factor encoded at one locus and 113 the corresponding binding site at a second locus would be one scenario consistent with this model.
114
Seehausen et al. [2014] note that this model could also be common in meiotic drive scenarios where a 115 substitution that promotes biased transmission of a selfish genetic element at one locus is counteracted
116
by a substitution at a second locus which restores unbiased inheritance. The bottom row in Figure 1 to a bias towards the ancestral genotype (aaBB) of recombined ancestries.
122
In the following section, we first review an approach taken by Gravel [2012] to model the distri-123 bution of ancestry tract lengths across the genomes of an admixed population. We then describe the 124 framework for our own extension to this approach which aims to model the distribution of ancestry 125 tract lengths that are contiguous with a locus undergoing epistatic interactions according to any of 126 the incompatibility scenarios outlined above.
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Fig 2. Haplotype data simulated using the software dfuse with the fitness matrix in Figure 1b . The forward-in-time simulation begins with two infinite source populations contributing equal fractions of ancestry (0.5) to a target population of 100 individuals 30 generations in the past. Each generation to the present follows a Wright-Fisher model, whereby both source populations contribute a fraction of individuals m to the target population. In this case m = 0.1. Recombination occurs uniformly along the chromosome at rate 1 crossover per chromosome per generation. After recombination, individuals are removed from the population according to a specified fitness matrix. The parameter values defined in Table 1 take the following values: s a = 0, s e = 0.9, h 1 = 1, h 0 = 1, and h a = 0. The incompatibility loci are indicated by the vertical dotted lines. that occured at generation τ is
(1 − m(t )).
( 1) τ is uniformly distributed on (1, t − 1), so the discrete transition probabilites can be expressed as
To get the continuous transition rate, one can multiply the discrete transition rate by the continuous 139 overall transition rate t − 1. This follows from the fact that a recombination event occurs at each gen-140 eration such that probability of observing an ancestry junction depends on the number of generations 141 since admixture:
Using Q, one can compute the tract length distribution for a given ancestry. Q is first uniformized 143 to adjust self-transition probabilities such that the total transition rate from each state is equal to 144 the rate of the state with the highest transition rate, Q 0 [Stewart, 1994] . One can then compute the 145 distribution of the number of steps spent in a particular ancestry, {b n } n=1,...,Λ , up to a cutoff Λ, where
..,Λ is computed by multiplying the state vector with the transition matrix for
147
Λ iterations while recording the amount of probability absorbed by the non-p ancestries at each step.
148
The Erlang distribution models the length of a trajectory, l, with k steps as:
This leads to the tract length distribution: allele on a chromosome. In this case, the probability of observing a transition, or recombination event,
156
depends on its recombination distance from the incompatibility loci of interest.
157
We define the number of basepairs between loci A and B to be v + w = L, where v is the number 
Equation 6 is computed as a function of the sequence of genotypic backgrounds the junction encounters 163 each generation to the present. Using a two-allele model, let A and a refer to alternative alleles at the 164 locus of interest, and alleles B and b refer to the second locus located at some distance away from the
165
A locus. We can define a state space, S, of two-locus genotypes in which the junction can exist:
where the bold pair of alleles refers to the chromosome on which the junction resides. In cases where 167 the interacting loci are on different chromosomes, the bold alleles refer to the genomic complement 168 from which the junction is inherited. . For the first state in S, AB|ab, the transition probability to state Ab|ab, is a product of the probability that the bold haplotype (AB) is chosen (0.5), a recombination event occurs between the junction and locus B, r w v+w , the recombined gamete gets paired with gamete x 4 at time t − 1, and the individual with genotype Ab|ab survives, ω 14 .
.5ω 14 (1 − r)x We can define the initial probabilities, π τ 0 , of a junction in each state when it occurs at a partic-183 ular time τ . These probabilities will vary depending on the ancestry of interest for the tract length 184 distribution. Conditional on a recombination event occurring between the two loci, the probability 185 that the junction occurs at any particular position is uniform (1/L). If the ancestry of interest is that 186 of the A allele, then
are the allele frequencies at time τ . The probability that the junction resides 188 among each of the states after its origination at time τ to the present is
After defining the vector η = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1], the survival probability of the
The transition matrix Q v can now be computed using The full transition matrix used to compute the junction survival probabilities in Equation 9:
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